Assessing and Modelling the Influence of Household Characteristics on Per Capita Water Consumption by unknown
Assessing and Modelling the Influence of Household
Characteristics on Per Capita Water Consumption
Wa’el A. Hussien1 & Fayyaz A. Memon1 &
Dragan A. Savic1
Received: 22 January 2016 /Accepted: 30 March 2016 /
Published online: 26 April 2016
# The Author(s) 2016. This article is published with open access at Springerlink.com
Abstract Sustainable urban water supply management requires, ideally, accurate evi-
dence based estimations on per capita consumption and a good understanding of the
factors influencing the consumption. The information can then be used to achieve
improved water demand forecasts. Water consumption patterns in the developed coun-
tries have been extensively investigated. However, very little is known for the develop-
ing world. This paper investigates per capita water consumption resulting from water use
activities in different types of households typically found in urban areas of the devel-
oping world. A data collection programme was executed for 407 households to extract
information on household characteristics, water user behaviour and intensity and the
nature of indoor and outdoor water use activities. The rigorous statistical analysis of the
data shows that per capita water consumption increases with income: 241, 272 and
290 l/capita/day for low, medium and high income households, respectively.
Additionally, the results suggest that per capita consumption increases with the number
of adult female members in the household and almost one-third of consumption is via
taps. The collected data has been used to develop statistical models using two different
regression techniques: multiple linear (STEPWISE) and evolutionary polynomial regres-
sion (EPR). The inclusion of demographic parameters in the developed models consid-
erably improved the prediction accuracy. Two of the best performing models are used to
forecast the water demand for the city, using four future scenarios: market forces,
fortress world, policy reform and great transition. The results suggest that the domestic
water demand would be highest in the fortress world scenario due to the increase in
population and size of built-up area.
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1 Introduction
Water scarcity is a major issue in many developed and developing countries. Rapid population
growth, urbanization and climate change related uncertainties are some of the factors influenc-
ing land use patterns and need to be considered during water resources management planning.
Since 2007, the fraction of urban population has exceeded the rural fraction and is largely
attributed to the economic migration (United Nation 2015). In order to accommodate this rapid
increase in urban population on limited urban land, there is a considerable upward shift
towards developing apartments in multi-storey buildings with the associated change in phys-
ical household characteristics (e.g., built-up area, number of rooms and area of front garden).
These characteristics can in turn influence domestic water consumption. Additionally, the
interactions between climate change and land use and management can affect the availability
of freshwater resources (Houghton-Carr et al. 2013), as a result of change in the amount of
returned evapotranspiration to the atmosphere and also runoff and groundwater pathways
(Holman and Hess 2014). Emphasis is growing on the implementation of demand manage-
ment measures, water reuse and better understanding of our water consumption behaviours
and factors influencing or contributing to domestic water consumption.
The modelling of domestic water demand has been effectively examined and analysed in
the developed countries, while less effort has been made for the developing countries (Nauges
and Whittington 2009). This can be due to the household’s access to more than one type of
water sources in the developing countries. Rizaiza (1991) developed water demand models for
households supplied by water distribution network and tankers, separately, to estimate water
demand in four cities in Saudi Arabia. Also, Cheesman et al. (2008) separated water demand
for households with a private connection only and households combining private connection
and well water. Different household characteristics are used for water demand modelling and
estimation in the developing countries, such as, walking time to water source (Persson 2002),
number of women in the household (Mu et al. 1990), family size (Larson et al. 2006),
education level (Madanat and Humplick 1993), income (Nauges and Strand 2007) and
reliability of water from other sources (Nauges and van den Berg 2009). However, physical
household characteristics (e.g. built-up area, garden area, number of rooms and number of
floors) should be taken into account to develop effective models for domestic water demand
estimation.
The domestic water consumption in Iraq is investigated in some studies. For
example, Al-Samawi and Hassan (1988) and Isehak (2001) investigated the residential
water demand in Basrah and Baghdad city, respectively. Al-Anbari et al. (2009)
analysed the residential water consumption for Hilla city, and found that the number
of occupants and hand wash basin taps have a significant impact on the household
water consumption.
This paper examines water consumption for over 400 households, of different types, and
explores the influence of various household characteristics on per capita consumption patterns
currently prevailing in urban areas of an Iraqi city, Duhok. The collected water consumption
data has been used to develop statistical models demonstrating the influence of household
characteristics on the total per capita daily water consumption. A selection of statistical models
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is used to investigate the impact of four future scenarios (i.e., market forces, fortress world,
policy reform and great transition) on likely changes in per capita consumption.
2 Methodology for Data Collection
Study Area Domestic water consumption patterns have been investigated for Duhok city,
which is located in north-western Iraqi Kurdistan (Fig. 1). The city has a population of around
295,000 inhabitants with 42000 households and spreads over 577 km2, accounting for 0.13 %
of total area of Iraq (Kurdistan Regional Statistics Office 2014). The city witnessed a rapid
expansion in the area covered and the growth in the population during several decades. This is
due to the high fertility (5 %) and the movement from rural areas to the city (Kurdistan
Ministry of Planning 2014).
One of the water sources in the city is Duhok earth dam with storage capacity of 47.5
million m3. The dam is mainly used for agricultural purposes (Kurdistan Ministry of Water
Resources 2014). Domestic water (66.1×106 m3/year) is supplied by the national water supply
board through a pipe from Khrabdeem, the main water treatment plant in Duhok. In addition,
around 8.3×106 m3/year of water from up to 100 wells is pumped for domestic use (Duhok
Directorate of Water and Sewerage 2014). Water is supplied to households 3 to 4 times every
week with each supply session lasting not more than 6 h. People store water in overhead tanks
and consume it for different activities including drinking.
Data Collection Programme A detailed questionnaire was prepared in the native language
(Kurdish) and included over 40 questions. A multiple-choice format was used to answer some
of the questions. Household characteristics, such as number of children, elders, adult males and
females, household type, total built-up area, garden area, number of rooms, number of floors
and monthly income were investigated. Furthermore, questions regarding the frequency,
duration of use and flow rate of each water end-use (e.g. showering, hand wash basin, toilet
flushing, dishwashing, laundry, house washing, cooking, garden watering and vehicle wash-
ing) were also included.
Fig. 1 Duhok city location in Kurdistan, Iraq and the distribution of surveyed households in the city (Kurdistan
Ministry of Planning 2014)
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The questionnaire was distributed to 419 randomly selected households in February 2015. The
replies were received from 407 households. The analyses of the collected data was performed
using IBM SPSS Statistics (v. 22) package and included estimation of statistical parameters
(i.e., average, minimum, maximum and distribution shape identification through kurtosis and
skewness) for the characteristics of the 407 households. Based on per capita income, the
dwellings were divided into low, medium and high income groups and each group was
analyzed separately to identify the influence of variation in income on household and water
use characteristics. A summary of results is discussed in Section 3.
Development of Statistical Models The research resulted in a comprehensive data set on
factors contributing to water consumption. Using the data set, 24 statistical models were
developed using two techniques: multiple linear regression (STEPWISE) and evolutionary
polynomial regression (EPR). The resulting models and their performance is discussed in
Section 3.4.
3 Results and Discussion
3.1 Household Characteristics
The analyses of household characteristics of 407 residential units (92 % houses and 8 %
apartments) are summarized in Table 1. It shows that the average household occupancy is 7.04
persons, which is approximately equivalent to the average standard family size (6.7 persons) in
Duhok as reported by KRSO (2014). In terms of family composition, the average number of
adult females, adult males and children are 2.33, 2.27 and 2.22, respectively. The average
number of elders (≥65 years) was very low (0.22), accounting only for 3.2 % of the
investigated sample.
The socio-economic characteristics of the households show that the average built-up area of
all floors is between 100 and 500 m2 with approximately 30 m2 occupied by the garden. Of the
407 households, 58 % were single-story, 36 % were double-story and 6 % were triple-story.
The average number of rooms was just over 4. The variation in the family income was high
and ranged from 3×105 Iraqi Dinar (ID)/month (≈ £150) to 44.7×105 ID/month (≈ £2,200)
with average per capita income equivalent to 25×104 ID/month (≈ £125).
3.1.1 The Influence of Household Characteristics on the Total Average Water
Consumption (l/hh/day)
The correlation coefficient can be used to assess the strength of relationship between
variables (Kerns 2010). The analyses of the data suggest a strong positive relationship
between household occupancy (i.e., the number of people in the household) and total
water consumption (R = 0.87) whilst there is a negative relationship between per
person usage and household occupancy. Water consumption increases with the in-
crease in the total household built-up area, number of rooms and garden area with a
correlation coefficient of 0.94, 0.96 and 0.77, respectively (Fig. 2). This finding is
consistent with those of Cavanagh et al. (2002) who found that the household built-up
area and number of rooms increased water consumption in the developed countries
(e.g. the U.S. and Canada).
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3.1.2 The Influence of Household Characteristics on the Average Per Capita Water
Consumption (l/p/d)
The distribution of the average daily per capita water consumption for the whole sample is
shown in Fig. 3, suggesting that the average is about 271 l/p/d. For houses it is approximately
274 l/p/d and that for apartments is about 247 l/p/d. The higher consumption for houses is
mainly because of additional outdoor water use. In agreement with Edwards and Martin
(1995), the daily per capita consumption increases with increase in the total built-up area of
the household; however, it decreases with the increase in the number of household occupants.
The decline in per person usage suggests household uses of water such as clothes washing,
dish washing and water used for cooking and cleaning are more efficient on a per person basis
for higher occupancy households. The influence of children is higher than elders. In other
words, increased number of children in the household leads to a higher reduction in per capita
consumption than elders. On the other hand, increased number of male adults in the household
reduces per capita consumption and the increase in female members increases per capita
consumption. This increase in per capita consumption with the increase in number of females
in a household appears to be because of the fact that many female members most of times stay
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Fig. 3 Frequency distribution of average per capita water consumption (l/p/d)
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3.1.3 Influence of Per Capita Income on the Average Per Capita Water Consumption
(l/p/d)
In Iraq, a household socio-economic survey was conducted by the Central Statistical
Organization (CSO) and KRSO in 2012. In the survey, the monthly family income was
divided into three groups (Table 2). This classification was based on the average family size
of 6.7 persons. The last column in Table 2 shows per capita income for respective household
groups and has been obtained by dividing the household income by the average family size.
Using per capita figures of column three, the investigated 407 households where divided into
three income groups (Table 3).
The analysis of the data shows that the average per capita consumption increases with the
household income (i.e., 241, 272 and 290 l/p/d in low, medium and high income group,
respectively). Although the average per capita water consumption rises with the increase in the
household income, the fraction of water used for different activities broadly remains the same
in all the investigated households regardless of the income group (Fig. 4). The figure shows
that the highest fraction of water consumption is via taps. This is in contrast to many countries
in the developed world where about one-third of water is used to flush toilets (Post 2000).
3.2 Average Per Capita Water Use for Different End-Uses (Micro-Components)
A household’s total water consumption is disaggregated into a number of end-uses: showering,
bath, hand wash basin, toilet flushing, dishwashing, laundry, cooking, house washing, garden
watering, car washing and swimming pool. The average daily use of each of these components
in all income groups is illustrated in Fig. 5. A notable feature in this figure is the considerable
variation in daily water end-use per person between income groups. It is apparent from this
figure that the swimming pool use in all income groups is low (less than 0.2 l/p/d). Of the 407
households, only two houses were found to have a swimming pool and, therefore, they will not
be included in any further analysis. Another finding is the per capita water consumption for
outdoor purposes (garden watering, car washing and swimming pool) is less than 10 % of the
total daily usage in all income groups. However, the consumption for outdoor purposes may
become much higher in the summer season.
3.3 The Influence of Per Capita Income on Water End-Uses
The summary of average values of water end-use parameters per person (e.g., frequency,
duration of use and flow rate) is illustrated in Table 4. It shows the comparison between these
Table 2 Income groups classification for Iraq (CSO and KRSO 2012)
Income group Income range in Iraqi Dinar (ID)
Per household Per capita
Low <1 × 106 <15 × 104
Medium 1 × 106 − 2 × 106 15 × 104 − 30× 104
High >2 × 106 >30 × 104
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parameters in low, medium and high income households. The key findings are explained in the
following sections.
3.3.1 Shower and Bath
Shower and bath use are positively related to family income (Gato 2006). Throughout the
study of 407 households, there were no baths recorded in low and medium income families.
There were only 10 baths recorded in high income households with a very low frequency
(once a week) of use.
The daily per capita water use for showering is the function of the frequency, the duration
and the flow rate of shower. Although, the frequency of showering is high (0.61 showers/p/d)
in the high income group, the flow rate of shower (8.39 l/min) is lower than that recorded in
the low and medium income groups (Table 4). Most of the high income households were
found to be constructed recently and therefore they are likely to have more water efficient
appliances (e.g., shower heads). The duration of shower was found to be less sensitive to
income groups. However, frequency of showering tends to increase with increase in per capita
income.
3.3.2 Hand Wash Basin (taps)
In all income groups, hand wash basin uses are the highest water users accounting for
approximately 32 % of the total water use (Fig. 4). Similarly to showering, hand wash basin
water consumption is influenced by the number of times the basin is used.
As with showers, the flow rate from hand wash basin taps decreases with the increase in
household income. This confirms that the high income group households are relatively new
Fig. 4 Summary of percentages of water end-uses in all income groups
Table 3 Number of investigated households in different income groups
Income group Low Medium High
Number of households 92 176 139
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and fitted with water efficient appliances which decrease the flow rate. The frequency of hand
wash basin use rises with the increase in income. The duration of use is similar in low, medium
and high income families. The duration of tap use for all income groups is about 60 s per event.
When multiplied with the frequency of hand wash basin tap use, the total daily per capita tap
duration becomes 9.68, 10.49 and 11.38 min/capita/day for low, medium and high income
households, respectively. The duration of the daily hand wash basin tap use obtained in this
study is much higher than the values found in the literature of developed countries. It ranges
between 6.66 and 8.33 min/capita/day in Yarra valley, Australia (Roberts 2005) and much
lower than this (i.e., 2.73 min/capita/day) in the Netherlands (Gato 2006). The high tap
duration can be attributed to additional water using activities in the Islamic culture (e.g.,
ablution before each prayer time).
Low income Medium income High income
Swimming pool 0 0 0.19
Bath 0 0 1.36
Vehicle washing 1.4 1.65 0.53
Garden watering 10.38 20.09 23.3
House washing 11.18 14.23 15.41
Cooking and drinking 13.2 14.85 18.33
Toilet flushing 32.99 25.45 22.51
Laundry 30.91 33.99 37.14
Dishwashing 32.98 37.98 36.69
Shower 28.74 36.67 42.31










































Fig. 5 Impact of per capita monthly income on water end-uses in Duhok
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3.3.3 Toilet Use
In line with the observation made above, again high income group households appear to have
water efficient toilet (5.4 l/flush) in comparison to low income households (6.0 l/flush). This
increases the average daily per capita toilet consumption in low income group to 33.0 l/p/d, it
being higher than that in medium (25.5 l/p/d) and high (22.5 l/p/d) income families.
The frequency of toilet per capita daily use was higher in low income families (5.4 times/
day) than that in medium (4.7 times/day) and high (4.1 times/day) income families. From the
data presented in Table 4, it appears that in the medium and high income households water
consumption for personal hygiene related activities is higher. This is reflected in higher
frequencies of shower, clothes-wash and hand wash basin use indicating an increased empha-
sis on cleanliness. The less emphasis (inability) on cleanliness in low income group may be a
cause of increased water borne diseases; consequently the frequency of toilet use might
increase. Another reason for lower toilet use frequency for high income group is the high
number of people in employment working away from home during the day.
3.3.4 Dishwashing
Dishwashing accounted for the second highest end-use being approximately 14 % of total
water use in all income groups (Fig. 4). Although, 7 % of the 407 households own
dishwasher, they still wash dishes manually. The daily water consumption for dishwashing
is a function of flow rate, duration and number of washes. The frequency of washing
dishes is same in all income groups, i.e., after each meal (breakfast, lunch and dinner). The
flow rate of kitchen tap decreases with the increase in household income from 9.5 l/min in
low income to 7.5 l/min in high income households (Table 4). However, the variability in
total water use for dishwashing between income groups is due to the duration of each
dishwashing session, which is dependent on the number of dishes and indirectly the size of
the family. For example, the duration of each wash in six occupants family for each income
group was found to be 6.3, 9.3 and 10.5 min for low, medium and high income group,
respectively.
3.3.5 Laundry
The main parameters to identify water consumption for laundry washing are the volume of
water used per washing cycle and the frequency. The volume of water used in each wash is
fixed depending upon the brand, style, and size of the washing machine in each house. The
analysis shows that there is a difference in the average volume of water used per wash between
income groups, accounting approximately for 160 l/washing load in medium and high income
houses and much higher in low income (190 l/washing load) (Table 4). It looks that in
comparison with lower income group; medium and higher income households have water
efficient washing machines.
The second parameter (the frequency of laundry per household per week) can be
influenced by the number of occupants. The collected data suggests that it rises with the
increase in household income, indicating more emphasis on hygiene with increased income.
Therefore, the difference in total amount of laundry water consumption is significantly high
between income groups. It is 146, 235 and 310 liters/hh/day in low, medium and high
income families, respectively.
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3.3.6 House Washing
About 5 % of the total water consumption is used for house washing (Fig. 4). The house
washing activities include floor washing, washroom and kitchen cleaning. The analysis shows
that the frequency and duration of household washing increase with the rise in the household
income. The frequency is 3.6, 4.8 and 5.6 times/week with duration of each wash approxi-
mately 8.4, 14.2 and 19.5 min in low, medium and high income households, respectively. This
suggests that the emphasis on cleanliness and hygiene increases with the increase in the
household income or due to the size of household area.
3.3.7 Cooking
According to the studies of the NRC (1989) and Black (1990), food preparations in both
developed and developing countries would require about 10 to 20 l/p/d of water; for example,
in Sri Lanka, daily per capita average water consumption for cooking is 16 l/p/d (Sivakumaran
and Aramaki 2010). The Duhok study shows that average value for water required for food
preparation lies within the values found in the literature. However, water consumption for food
preparation increases with the increase in the family income, accounting 11.2, 12.9 and 16.3 l/
p/d in low, medium and high income households, respectively (Table 4).
3.3.8 Garden Watering
Outdoor water use (garden watering, car washing and swimming pool) is related to the size of
the residential dwelling area (Gato 2006). In terms of the frequency of garden watering, it is
much lower in low income group than that in the medium and high income groups (Table 4).
Most of the houses recorded only one irrigation event per week. This may be because of the
timing of the study, which was conducted during winter time. In order to quantify the
seasonality impact, a similar study in the same area will be repeated to account for water
consumption variations in the summer.
The duration of each watering session in the high income group is the longest (approxi-
mately 2 h). This appears to be mainly because of the larger garden area (average of 51.8 m2)
in comparison with low (9.3 m2) and medium (22.6 m2) income households. However, the
flow rate from the outside tap for the garden watering is broadly similar (11.5 l/min) in all
households regardless of their income group (Table 4). Therefore, the total volume of water
used for garden irrigation in high income households is clearly the highest (192 liters/hh/day)
with less consumption in medium (134 liters/hh/day) and low (59 liters/hh/day) income
houses.
3.3.9 Vehicle Washing
In terms of water use for vehicle washing, the highest consumer is medium income families
(75.6 l/hh/week), which is probably because of less ownership in low income families (47.2 l/
hh/week). On the other hand, people in high income households prefer their cars washed at
washing services rather than doing it themselves (28 l/hh/week). Because of this, water
consumption for vehicle washing in high income group is low. It can be seen from the data
in Fig. 5 that the average per capita water use for vehicle washing is relatively small in all
income groups but this may increase in the summer season due to the frequent dust storms.
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3.4 Modelled Daily Per Capita Usage with Household Characteristics
The water consumption data from the 407 households was divided into calibration and
validation sets. 70 % of the data was used for calibration (i.e., training), while the remaining
30 % was spared for validation (i.e., testing) purposes. The calibration data set was used to
develop statistical models to predict per capita consumption as a function of household
characteristics. The household characteristics were divided into two groups, that is:
& Demographic characteristics: number of children, elders, adult males and adult females.
& Physical characteristics: total household built-up area, garden area, number of rooms,
number of floors and per capita income.
Two different techniques were used to build regression models in order to identify the
models which are computationally efficient and provide reliable predictions. The two tech-
niques applied are: multiple linear regression (STEPWISE) and evolutionary polynomial
regression (EPR). These techniques have been used for modelling the water related applica-
tions (Mountains 2013; Doglioni et al. 2010) and achieved good results.
3.4.1 Models Based on Multiple Linear Regression (STEPWISE)
Multiple linear regression technique has been used widely to explore the relationship between the
dependent and several independent variables (Abdul-Wahab et al. 2005). The technique is looking
for the combination of relevant independent variables to construct the best fit model based on
strong statistical foundations. One of the multiple regression techniques is STEPWISE, which is a
potential approach for selecting the best combination of independent variables (Cevik 2007).
The STEPWISE multiple regression approach is applied using IBM SPSS Statistics (v. 22)
software to determine the best subset model for daily per capita water use estimation. Using the
calibration set of data, the relationships between the independent variables (household char-
acteristics) and the dependent variable (per capita water consumption) were investigated and
the values of correlation coefficient (R) are shown in Table 5. From the table, it can be seen
Table 5 Correlation coefficients between household characteristics and per capita water consumption
Correlation coefficient value (R)


























−0.560 0.467 −0.474 −0.204 −0.028 −0.064 0.008 0.013 0.602
Low income
households
−0.745 −0.279 −0.263 −0.408 −0.773 0.000 −0.664 −0.361 0.777
Medium income
households
−0.808 0.467 −0.766 −0.270 −0.859 −0.638 −0.699 −0.330 0.844
High income
households
−0.501 0.196 −0.807 −0.254 −0.766 −0.532 −0.678 −0.443 0.803
* l/p/d = litres per capita per day
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that the strongest relationship of per capita consumption is with the number of children in the
household and per capita income. The selection or deletion of an independent variable for the
regression model is based on the strength of relationship (i.e., the magnitude of the correlation
coefficient) and also its contribution to the decrease of the residual sum of squares (Cevik
2007). The regression coefficients and model are then statistically tested at the every iteration
to select or delete the independent variable. The statistical testes are:
& The ANOVA (F-test) to examine the significance of the regression model. The model is
statically significant when p<0.05, which means the overall regression model is a good fit
for the independent variables entered in the model (Yasar et al. 2012).
& The t-test to examine the significance of the regression coefficients. The regression
coefficients are statistically significant (i.e. different to zero) if p<0.05 (Yasar et al. 2012).
Using STEPWISE approach with the calibration set of data of whole investigated house-
holds, three models were developed based on demographic, physical and whole characteristics
(i.e., Model 1, 2 and 3 in Table 6, respectively). The similar procedure is repeated using the
calibration set of low, medium and high income households data. These models are shown in
Table 6 and they are statistically significant (p<0.05).
The predictions from these models were plotted against the actual per capita water consumption
values obtained from the study as shown in Fig. 6. The figure shows that the trend-lines of validation
and calibration set are relatively identical in all cases. Additionally, the R2 value improves further
when the water consumption data was disaggregated into low, medium and high income groups.
3.4.2 Models Based on Evolutionary Polynomial Regression (EPR)
The evolutionary polynomial regression (EPR) is a modelling technique which combines the
effectiveness of genetic algorithm with numerical regression to develop mathematical model
expressions (Giustolisi and Savic 2009). This technique has been used in a number of other
applications, such as evapotranspiration process (El-Baroudy et al. 2010), rainfall-groundwater
dynamics (Doglioni et al. 2010), water distribution and wastewater networks (Berardi et al.
2008), and have shown good performance.
The EPR MOGA-XL tool1 (ver.1), which performs multi-objective genetic algorithm
search for plausible models, is used to develop the models for daily per capita water use
estimation. The two objective functions that were used for the evolutionary search by EPR are:
& The minimization of the number of terms, and
& Maximization of the accuracy of the model to calibration set (i.e. minimization of the
summation of square errors) (Giustolisi and Savic 2009).
Various mathematical nonlinear expressions were chosen to model per capita water con-
sumption as a function of household characteristics (i.e., independent variables). However, the
results of simple mathematical structure (Equation 1) were the best in most cases. For each
mathematical model, the candidate exponents for the independent variables (ES) and the
maximum number of terms are selected through experimentation. The bias term is considered
as zero. Finally, the number of generations within genetic algorithm is selected as 400.
1 http://www.hydroinformatics.it/index.php?option=com_docman&Itemid=105
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Y ¼ a0 þ
X m
j¼1aj  f X 1ð Þ




Y the EPR estimated water consumption
ao the bias term
m the total number of polynomial terms
aj the coefficients of jth polynomial term
f(X) the polynomial function constructed by EPR
ES the matrix of unknown exponents, and
Xk the kth independent variable (household characteristics)
Using the calibration set of data (70 % of the whole investigated households) with the EPR
MOGA-XL tool, three nonlinear regression models are developed as a function of demo-
graphic, physical and all characteristics (Model 1, 2 and 3 in Table 7, respectively). Similarly,
three mathematical models were developed for each income group (low, medium and high)
using their calibration set of data as shown in Table 7. These models have been chosen due to
achieving the highest coefficient of determination (R2).
The predictions from EPR models were plotted against the actual per capita water con-
sumption values as shown in Fig. 7. For all models in this figure, the trend-lines of calibration
and validation set of data are relatively identical. From this figure, it can be concluded that the
R2 value increases when the models were developed for each household income group.
Moreover, the R2 value increases significantly when all (demographic and physical) household
characteristics were included in the model rather than only demographic or physical
characteristics.
3.4.3 Comparison of Models
The twelve models developed in EPR and STEPWISE were compared using R2 values as
shown in Table 8. From the table it can be seen that the R2 values of both modelling techniques
are relatively high (over 0.8) for most cases. However, the R2 of EPR based model improved
considerably when the number of polynomial terms and the exponents was increased. On the
other hand, STEPWISE based model also offers good predictions.
Both modelling approaches suggest the strong influence of demographic characteristics on
per capita water consumption when the data was disaggregated into household income groups
and the role of household physical characteristics is minimal.
3.4.4 Sensitivity
Sensitivity measures to what extent the magnitude of a dependent variable (i.e. estimated total
water demand) could change over the practical range of variation of the input independent
variables (e.g., household characteristics) (Jacobs 2004). Sensitivity analysis provides insights
into the applicability of the model under consideration. Additionally, it identifies the effect of
each household characteristic on the estimated water demand.
Jacobs (2004) considered the range of variation of each input parameter (i.e. household
characteristic) as the standard deviation below and above the average. The sensitivity for each
input parameter is tested using three values (i.e., average, average+ standard deviation and
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average - standard deviation). The low and high value of each household characteristic are
calculated using the average and standard deviation statistics in Table 1. The calculated upper
and lower value of each household characteristic have been used with STEPWISE and EPR
developed models to estimate the annual total water demand as shown in Fig. 8. The figure
shows that the developed models are very sensitive to per capita income, number of children
and number of adult males in the households.
4 Model Application
4.1 Scenarios Definition
In this paper, the implication of four alternative scenarios on the domestic water demand



















































Average value Lower value Upper value
Fig. 8 Sensitivity analysis of input parameters for (a) STEPWISE and (b) EPR based domestic water demand
prediction models for Duhok city














STEPWISE EPR STEPWISE EPR STEPWISE EPR
All investigated households 0.54 0.63 0.74 0.85 0.87 0.92
Low income households 0.88 0.90 0.82 0.85 0.95 0.97
Medium income households 0.92 0.96 0.86 0.89 0.96 0.98
High income households 0.84 0.86 0.76 0.79 0.90 0.91
Assessing and modelling the influence of household 2951
(GT) and policy reform (PR). The definitions of these scenarios are given by Global Scenario
Group (GSG) (Kemp-Benedict et al. 2002). These alternative pathways for world development
have been extensively used in numerous global, regional, and national studies (Hunt et al.
2012). Each one of these scenarios tells a different plausible story of the twenty-first century
with varying patterns of resource use, environmental impacts, and social conditions (Raskin
et al. 2010).
4.2 Implication of Future Scenarios on Water Demand
The expected annual growth rate values of all indicators (i.e., population, income and
built-up area) from the long-term trends analysis for each scenario relevant to the
Middle East region are collected from Global Scenario Group (GSG 2002) as sum-
marized in Table 9. Using average annual growth rate values of these indicators with
STEPWISE and EPR developed models, annual demand has been simulated for
35 years ahead and is shown in Fig. 9. The time horizon of 35 years is the most
often considered timeline in scenarios (Hunt et al. 2012; Ercin and Hoekstra 2014)
and also recommended for socioeconomic planning (Simonovic and Fahmy 1999).
The figure shows that of the four considered scenarios, the total domestic water demand
would be highest in the fortress world scenario. This is mainly because of relatively higher
increase in population and built-up area in this scenario (Table 9).
5 Conclusion
This paper studied the domestic water consumption at end-use level in a developing
country. The influence of household characteristics (demographic and socio-economic)
on the water consumption was investigated. Using multiple linear regression
(STEPWISE) and evolutionary polynomial regression (EPR) method, 24 statistical
models were developed to estimate the daily per capita water consumption as a
function of household characteristics. The developed models have been trained and
validated. The STEPWISE and EPR regression models were compared. Finally, the
best fit models were used to predict the future water demand for the city under the
Table 9 Growth rate of each indicator in GSG scenarios
GSG scenarios Period Average annual growth rate of indicators (%)
Population Income Built-up area
Market forces (KF) 1995–2025 2.2 1.8 2.3
2025–2050 1.1 1.6 1.5
Fortress world (FW) 1995–2025 2.4 1.7 2.5
2025–2050 1.5 0.7 1.7
Great transition (GT) 1995–2025 2.0 2.3 1.8
2025–2050 0.8 1.8 0.5
Policy reform (PR) 1995–2025 2.1 1.9 2.0
2025–2050 1 1.7 0.9
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impact of four future scenarios. The key messages from the analysis of the presented
work are:
& The per capita water consumption increases with the rise in household income and
decreases with the increase in the household occupancy.
& Frequency of all water end-uses increases with the increase in per capita income except for
toilet usage. Toilet use frequency in low income households is higher than that in medium
and high income groups.
& The duration of hand wash basin tap in Duhok is much higher than typical values in the
developed world. This indicates an additional water use activities (e.g. ablution) via the
hand wash basin tap.
& Flow rate from different water end-uses decreases with increase in the per capita income,
suggesting that households in high income group are relatively new and fitted with water
efficient appliances.
& Per capita consumption decreases with the increase in male adults, elders and
children but increases with the increase in number of adult females in a household.
Additionally, the change in the number of elders and children has identical effect on
per capita consumption.
& Using the collected data, it is possible to predict per capita water consumption. The quality
of prediction improves when the full data was disaggregated into low, medium and high
income group households.
& The models based on EPR offer a marginal improvement in the predictions quality.
& The demographic characteristics provide more accurate predictions of per capita water
consumption than the predictions resulting from the use of physical characteristics of the
investigated households.
& Of the investigated scenarios, domestic water demand is expected to be highest in the
fortress world scenario. This is because of the expected growth rate of population and
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Policy reform Great transition
Fig. 9 Impact of four scenarios on total domestic water demand using (a) STEPWISE and (b) EPR
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